Wheel-set is the critical component of walking step of high-speed train and its running state is directly related to security of operation. The wheel-set is the moving parts of high-speed train, so it is very difficult for acquisition of incipient fault information. A intelligent data collecting controller is proposed for acquisition of online incipient fault information with the development of wireless communication technology such as Wi-Fi and 4G in this paper. With the controller, the Metal Magnetic Memory signal data of the wheel-set, the vibration sign data of walking step and the signal data of other sensors can be collected and processed. The test shows that the intelligent data collecting controller is stable and can meet the requirement of incipient fault information.
INTRODUCTION
Wheel-set is the critical component of walking step of high-speed train and its running state is directly related to security of operation which catastrophic failure has been caused by incipient fault. At present, flaw detection pattern on wheel-set is mainly in repair base which is called ground detection. The pattern can only be used __________________________ Zhenfa Bi, School of Railway Transportation, Shanghai Institute of Technology, Shanghai, China, 201418 for the flaw which has been macro existed afterwards and not for the incipient fault during operation and the trend of tracking of it. This is a big risk during operation. Aiming at the deficiency of the afterwards nondestructive testing, so Metal Magnetic Memory Method which has early diagnosis function for the incipient fault is used to predict the incipient fault for the real-time dynamic testing on the wheel-set in service. But the wheel-set is the moving parts of high-speed train, so it is very difficult for acquisition of incipient fault information. For evaluating the wheel-set running state, several physical quantity also should be involved such as force, temperature, velocity, position of wheel-set and vibration of walking step except for Metal Magnetic Memory signal. For getting the information, the controller should be optimized to improve the data transmission load. In recent years, with the rise of the Internet of Things technology and wide spread of big data, wireless communication-based data collecting has attracted extensive attention at home and abroad. Wi-Fi and 4G are the names of popular wireless networking technology that uses radio waves to provide wireless highspeed Internet network connections. They are widely used in consumer electronics[1~5], industrial control and network monitoring. Although the construction and wiring of bus system such as RS485 has been relatively simple, but there are still problems of installation and maintenance, as well as upgrading difficulty, especially for new special applications where actual needs have been unable to meet. So wired data collecting controller is not applicable.
An architecture(shown in Figure 1 )could be used to describe the function and data transmission interface of the intelligent data collecting controller.
In this research, each wireless technology has different purpose. Wi-Fi is used for data collecting of the wheel-set and 4G is used for the information transformation from high-speed train to information monitoring station. The highlight of reliability is emphasized that Wi-Fi can be restarted by 4G when it is not working properly.
SYSTEM ARCHITECTURE DESIGN
The block diagram of the intelligent data collecting controller is shown in Figure2. The system consists of four main parts. Firstly, X86 platform based on Vortex86DX. The Vortex86DX is a high performance and fully static 32-bit X86 processor with the compatibility of Linux. It provides an ideal solution for the embedded system and communications products to bring about desired performance.
Secondly, Wi-Fi Module is used to communicate with Vortex86DX through UART interface with baud rate of 115200, so the information of wheel-set is transferred to CPU once per second via Wi-Fi.
Thirdly, 12 analog input is designed for getting the vibration of the walking step. For the complex problems of A/D converter module and its subsequent conditioning circuit of the multiple signal sources, a technology based on FPGA is proposed. EP3C10U256 from Cyclone III Device Family of ALTERA is used as a central control core, and A/D converter AD3820 is adopted, hard circuit and FPGA logic timing design is designed around it. Once the data is converted, it is processed digitally in the FPGA and data filtering algorithm is done. The processed data is transmitted to the Vortex86DX via the ISA interface.
Finally, 4G Module is used to communicate with Vortex86DX through USB interface. The collecting data is transmitted to information monitoring station when the data request is issued. And once the crash of the Wi-Fi module, the 4G module can be used to send commands to restart it.
SIGNAL PROCESSING AND TESTING
Preprocessing of analog input signal is completed in the FPGA and FPGA parallel processing mechanism can save a lot of time. Smoothing processing on the analog input signal should be performed first of all, and so the isolated abnormal value is eliminated. Taking into account of the real-time detecting system, digital filtering method is used as below:
（1）
In the formula, x(m) is the sequence data of the magnetic memory signal and TH is the threshold. With data preprocessing, the accuracy of A/D acquisition can be less than 5/10000 by testing the current calibration equipment. For getting the real data of analog input, data operation should be done according to the datasheet. It is worth mentioning that the analog input signal range is 4~20mA.
Wi-Fi Module is used to collect the information of wheel-set. As a general module, it can also be connected with other electronic devices, such as laptops, mobile phones, or other devices with Wi-Fi function [6] [7] [8] . On the controller, Wi-Fi Module is connected to Vortex86DX through serial port 1. Test is done between the controller and the laptops. The controller is a server and the laptops is a client. After the Wi-Fi setting of controller and laptops are configured, through the professional software, the data are transferred to the controller and the data from controller are shown in the laptops. The 4G wireless network is an essential component of the controller [9~10] . In particular, the 4G wireless network is used to transmit data between train and information monitoring station. When the high-speed train is running, the information of wheel-set is sent to information monitoring station from the controller through 4G Module (called point to point ). And also, the controller can be connected to the internet through 4G Module and information monitoring station can download data information from internet. The application of the 4G wireless network is shown in Figure 3 . 
CONCLUSION
According to the data collecting requirement of high-speed train wheel-set and the development of wireless technology, this paper presents an intelligent controller which is applied to data acquisition.
1) This controller consists of four main parts, namely, X86 platform, Wi-Fi Module, 12 analog input and 4G Module.
2) In this paper, data structure of A/D acquisition, Wi-Fi Module communication and debugging, and application of 4G network are described.
3) The accuracy of A/D acquisition can be less than 5/10000 by testing the current calibration equipment.
4) The controller meets the requirements of high-speed train on the data acquisition.
Along with the progress of the project, there is much work to be done in the application of the intelligent data collecting controller. Hope that some of the research results can provide reference for the application of data acquisition and wireless network.
